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Filed Nov. 10, 1965, Ser. No. 507,254 
8 Ciaims. (C1. 324-70) 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; USC 2457). 

This invention relates to the detection of small particles 
and more particularly to detection apparatus for measur- 
ing the momentum and velocity of minute space par- 
ticles. 

Partick collision detecting devices have heretofore been 
Jevired for providing information regarding micromete- 
orites, such as their frequency of incidence, mass, veloc- 
ity, and the like. However, the accuracy and reliability 
of these devices has always been subject to question. A 
particular failing of the prior art devices is their inability 
to compensate for the “rocket” effect which results when 
a minute hypervelocity particle explodes on impact, as 
often happens. Unless prevented, the “rocket” effect re- 
sulting from material being rocketed out out of the im- 
pact cavity comp!eiely masks the true momentum of the 
micrometeorite, and in consequence the results of con- 
ventional detection apparatus are subject to a wide mar- 
gin of error. In addition, it has been difficult to analyze 
micrometeorites with a wide range of momenta in the 
zero gravity environment of space. 

The momentum-velocity analyzer of this invention 
which has been devised to overcome attendant limitations 
of the prior art devices, is adapted to directly measure 
momentum and the scalar and vector components of the 
velocity of space particles from their inelastic collisions 
with a ballistic pendulum which is a classical device for 
the de!ermination of projectile momentum. The conserva- 
tion of momentum when a particle of mass m collides 
inelasiicaFly with a pendulum of mass M is given by 

MV=mv 
where V is the vclocity of the pendulum after impact and 
v is the velocity of the micrometeorite before impact. 
Since particle m a s  is very, very small compared to the 
mass M, this equation is substantially valid for collisions 
in which the particle is absorbed into the pendulum mass. 
To adapt the ballistic pendulum for use in a gravity-free 
envjronxent, a spring-loaded pendulum is adopted such 
that the initial kinetic energy of the pendulum, after im- 
Fact, is completely transferred to the spring at maximum 
deflection and 

$5 M V2= % kxa 
where k is the spring constant, and x is the total deflection 
of the pendulum. By solving the above equations simul- 
taneously for the momentum mv of the micrometeorite, 
the result is 

which indicates that the momentum of the particle is 
directly proportional to thc dcfleclion of the pcndulum 
and the con\tant of proportionality involves the slxing 
constant and thc mass of the pcntlulurn, both of which 
can be accurately measured in the laboratory. 

’The pcndulum in the instrument of this invention coni- 
prises a bob in the form of a disc of particle-absorbing 
material which is suspended at its center by a quarrz fila- 
ment with a known spring constant. The pendulum is en- 
closed within a housing having a window extending 360”, 

r n v = A q M k  

and for preventing angular motion of the pendulum the 
window is complemented by radial fins 20 which allow 
only those particles to enter the housing and strike the 
ballistic pendulum which are traveling substantially per- 

6 pendicularly with respect to the axis of the particle ab- 
sorber. 

The instrument provides an indication of the velocity 
of a particle by determining the time of flight of the par- 
ticle between two known points on the pendulum. The 

10 velocity determining means includes a thin-film capacitor 
which is attached in engagement with the periphery of 
the particle absorber and an outer thin-film capacitor, or 
apron, with similar capacitive characteristics, disposed in 
concentric relation therewith. Each capacitor is in the 

15 form of a sandwich with layers of metal coating both 
sides of a thin-film dielectric. The inner capacitor and the 
outer apron capacitor provide two concentric members 
with a radial distance therebetween which constitutes .a 
transit interval from which time of flight and velocity 

20 measurements can be made. When a charge is placed on 
the concentric thin-film capacitors, a hypervelocity pene- 
tration of the capacitors by ‘an impacting particle cames 
a voltage breakdown resulting in an electrical pulse of 
very short duration. The two sequentially produced pulses 

25 are used to trigger high-speed output circuits for deter- 
mining the transit time, and hence the scalar velocity, 
of the particle. 

The deflection of the pendulum in magnitude and di- 
rection is measured by a radiation tracking transducer 

30 which consists of a silicon wafer disc with leads attached 
90” apart around its circumference. In addition to its 
function of supporting the absorber and providing the 
requisite elastic medium for the pendulum, the quartz 
filament transmits light from a light source to the track- 

35 ing transducer, whereby a beam of light from the filament 
normally falls on the center of the disc during quiescent 
conditions. If the pendulum is deflected and the beam 
falls at ,a point other than the center of the disc, unequal 
currents in the leads are generated which are interpreted 

40 by a receiving instrument as position on an x-y grid for 
measuring pendulum deflection. 

Since the momentum of an impacting particle is direct- 
ly proportional to the pendulum deflection which is meas- 
ured by the radiation tracking transducer, and is also a 

45 function of the pendulum mass and the spring constant 
which are known constants, the particle momentum is 
readily determinable, and appropriate amplifiers and dis- 
crimination circuits connected to the radiation tracking 
cell may be utilized to directly indicate the direction of 

A significant feature of the analyzer of this invention 
is that the outer apron also serves to prevent erroneous 
readings caused by the “rocket” effect. If the hyperveloc- 
ity particle should explode upon impact with the ab- 

65 sorber, the material rocketed out of the cavity will strike 
the inner edge of the apron which counteracts jetting the 
pcndulum forward, thus neutralizing the “rocket” effect 
011 pendulum movement. In addition, any momentum 
which might be lost when the particle pierces the outer 

Go apron is transl’erred to the pendulum, whereby accuracy 
of the momentum dctermination is preserved. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 

65 bccomc better understood by reference to the following 
dctailcd description when considered in connection with 
thc acconipanying drawings in which like reference nu- 
nicrals dcsignatc like parts throughout the figures thereof 
and wherein: 

I:IG. 1 is a schematic sectional view of the micro- 
mctcorite momentum-velocity analyzer of this invention; 

FIG. 1A is a sectional view of a part of the analyzer of 

50 the particle and particle momentum. 
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this invention as taken alo A in FIG. 1 
and looking in the direction 

FIG. 2 is a schematic diagram of thin film detectors 
and associated circuitry for measuring particle velocity; 

FIG. 3 is a schematic illustration showing the applica- 
tion in this invention of a radiation tracking transducer 
for measuring ballistic pendulum deflection; 

FIG. 4 is a typical voltage response curve €or the ra- 
diation tracking transducer shown in FIG. 3; 

FIG. 5 is a schematic diagram of the electronics used 
in the analyzer of this invention for measuring pendulum 
deflection and particle momentum; and 

FIG. 6 is a schematic diagram showing incorporation 
of the momentum-velocity analyzer of this invention in 
a micrometeorite detector system. 

Referring more particularly to the drawings, there is 
shown in FIG. 1 a momentum-velocity analyzer 10 which 
represents a preferred embodiment of this invention, par- 
ticularly adapted for the detection and analysis of micro- 
meteorites in the space environment. The analyzer I0 
comprises a spring-loaded ballistic pendulum which is 
utilized for the determination of projectile momentum. 
The pendulum consists of a particle-absorbing mass in 
the form of a Styrofoam disc 12 suspended at its center 
by a quartz filament 13 with a small Hooke's constant. 
The quartz filament extends through a central bore in 
the disc and protrudes slightly below the lower surface 
of the disc. At its other end the fililmnt extends through 
a bore in a support 15 which is mounted in the pendulum 
housing 16. The filament is secured to the disc and the 
support 15 by a suitable adhesive. 

The housing 16 is fabricated of aluminum or other 
material which is suitable for protecting the instrument 
against micrometeorite damage and the launch environ- 
ment. The housing is of generally cylindrical form of 
circular cross-section, and is provided with a window ex- 

e window is complemented by a plurality 
which are mounted in the window and 

distributed circumferentially thereabout. The radial fins 
are secured at their upper and lower edges to annular 
flanges 21 and 22 which extend outwardly of the housing 
a distance such that only those particles which are travel- 
ing substantially radially and perpendicularly with respect 
to the axis of the pendulum particle-absorbing mass are 
allowed to enter the housing and strike the ballistic pen- 
dulum. The fins 20 are thin metal vanes provided with 
grooved or corrugated surfaces whereby any particles 
striking the fins will be caused to explode rather than 
deflect or ricochet into the pendulum housing. 

It is to be noted that the dynamic range of the instru- 
ment depends on the spring constant of the quartz fila- 
ment which, in addition to supporting the pendulum mass, 
also provides the requisite elastic medium for the pen- 
dulum. The spring constant is a function of the geometry 
of the spring which may suitably be in the form of either 
a smooth straight filament or a helix. As a modification 
of the instrument, however, the single quartz filament 
may be replaced by several finer fibers arranged symmetri- 
cally about the axis of the absorber. 

To provide means for determination of the scalar com- 
ponent of particle velocity, a capacitive metallic foil 30 
is attached in engagement with the periphery of the par- 
ticle absorber and disposed in concentric relation to the 
foil 30 is an outer annular foil or apron 35 with similar 
capacitive characteristics. Each foil is fabricated in the 
form of a sandwich with layers of metal coating both 
sides of a Mylar film. The apron foil is supported by discs 
36 of plastic or the like, which are disposed concentric to 
the Styrofoam particle absorber disc, and are attached 
on the opposite faces of the absorber. The apron is at- 
tached by a suitable adhesive to the peripheries of the 
discs and thereby defines a circular cylinder concentric 
to the axis of the absorber. 

The inner metallic foil and the apron foil therefore 

therebetween of approxim ly 10 cm. which represents 
a transit interval from which time of flight for velocity 
measurements can be made. For this purpose a voltage 
is applied across the metal layers of each foil whereby 

5 the penetration of the foil by an impacting hypervelocity 
particle causes a short circuit and voltage breakdown re- 
sulting in a pulse of very short duration. The voltage 
pulses sequentially derived from these concentric mem- 
bers upon their penetration by an impacting particle pro- 
vide the means for determining the transit time and there- 

" fore the scalar velocity of the particle. After an impact 
event, healing of the capacitors occurs by the electrical 
short melting and evaporating the metal foil so that SUC- 
ceeding penetrations may be detected. 

The thin film capacitive detectors and associated pulse 
shaping circuitry for determining velocity are shown 
schematically in FIG. 2. The thin film capacitors are 
charged by a power supply 37, The *pulses from these 
capacitors are each coupled through capacitors 38, 39, 

20 respectively, to a Schmitt trigger circuit 40, 41 the outputs 
ch are amplified by means of saturating inverters 
which also decrease the rise time. The outputs of 

to drive a pair of 50 microsecond 
which in turn are coupled to differ- 
47 respectively. The differentiating 

circuits differentiate and clamp the multivibrator pulses 
to suppress the negative spike. resulting outputs are 
then applied to an identity gate in the form of an in- 
verted exclusive OR circuit. The identity gate allows only 

30 a single output and produces a negative output pulse if 
only one of its inputs is pulsed, However, if both inputs 
are pulsed simultaneously, the gate functions as an anti- 
coincidence gate and no output pulse is produced. 

The two pulses generated by the thin film capacitive 
35 detectors in the event of a micrometeoritic impact may be 

received in a suitable computer means fix determining 
scalar velocity from the time of flight. If displayed on a 
cathode ray tube, for example, the time displaced pulses 
indicate time of flight or velocity. To aid in interpre- 

40 tation of this data, the two inverters may be made to pro- 
duce a different amplitude pulse. In th is  manner it can be 
easily determined from the scape trace which of the two 
Mylar capaciton is responsible for a given pulse. 

The deflection of the pendulum in magnitude and di- 
45 rection is measured by means of a radiation tracking 

transducer which is mounted below the pendulum and in- 
tercepts a beam of light emanating from the quartz pen- 
dulum support. The radiation tracking transducer is a 
silicon P-N junction such as the type XY20 radiation 

50 tracking transducer manufactured by Electro-Optical 
Systems, Inc., and comprises a silicon wafer disc 55 
with leads 56-59 attached 30" apart around its circum- 
ference, as shown in FIG. 3. This transducer utilizes the 
lateral photo-currents flowing parallel to the junction in- 

55 stead of the transverse currents. The beam of light which 
emanates from the pendulum is derived from the quartz 
filament which, in addition to its function of supporting 
the Styrofoam absorber, transmits the light .from a light 
source 60 to the tracking transducer. The light source is 

60 an incandescent lamp mounted atop the housing sup- 
port 15 directly over the quartz filament. 

The silicon wafer disc of the transducer is disposed 
directly beneath the pendulum in coaxial concentric re- 
lation with the Styrofoam disc, whereby during quiescent 

O5 conditions when there is no pendulum deflection the beam 
of light from the filament falls directly on the center of 
the disc. Howevw, in the event of a pendulum deflection 
by an impacting particle, the beam of light falls on the 
disc at a point other than at its center and unequal cur- '' rents are generated from the leads 56-59 which are in- 
terpreted by a suitable receiving instrument (not shown) 
as a position on an X-Y grid and therefore are a measure- 
ment of wndulum deflection. A tvDical value for a Den- 

15 
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of .25 cm. A typical volta source mounted on the bott of &e Styrofoam absorber 
deflection is shown in FIG. 4. for producing the beam of light intercepted by the radia- 

tion tracking transducer. 
deflection is shown in FIG. 4. It is to be noted that since successful operation of the 
from the transducer are connec pendulum momentum sensor depends on a perfectly in- 
the Y axis leads from the transducer are connect elastic collision between particle and absorber, the selec- 
resistor 62. The two resistors are adjustable to provide the tion of an absorber material is most important. The Styro- 
transducer with a virtual ground. This enables the X and foam which has been selected as the absorber material in 
Y outputs to be referenced to the same signal common, the embodiment of the invention described herein is an 
eliminating the need for double ended inputs to the ampli- open cavity plastic with a density of 0.06 gram/cc. which 
fiefs and at the same time isolating the X and Y trans- may be readily machined into any shape. The pore size of 
ducer channels to minimize cross talk. The two amplify- the material 9s approximately five mils, and the phenom- 
ing means us& €or the X and Y outputs are identical, and enon of outgassing in a vacuum does not present a signi- 
each comprise a pre-amplifier 63, coupled through a ficant problem as would be characteristic of many other 
narrow pass band filter 5, 66 whose center frequency is 15 materials. 

o the pendulum frequency, to a final stage ampli- It should therefore be understood that the foregoing 
, A range switch 69 may be provided, if de- disclosure relates only to preferred embodiments of the 

sired, to switch the pre-amplifier from a gain of 15 to invention and that it is intended to cover all changes and 
1,500, for example, and the final stage amplifier from a modifications of the examples of the invention herein 
gain of 20 to 200, so that an over-all voltage gain range 20 chosen for the purposes of the disclosure and which do 
of 1,350, 13,500, or 135,000 could be obtained to accom- not constitute departure from the spirit and scope of the 
modate different orders of particie mornenturn. invention. 

The output signals from the X-Y amplifiers are in the What is claimed and desired to be secured by Letters 
form of damped sinusoids with the initial polarity of the Patent is: 
signal indicating whether the deflection is in the positive 25 1. A micrometeorite detection system, said system,com- 
o r  negative direction. These signals, together with the 

esponse curve for light spot 

A diagram of the electronics for 

a ballistic pendulum; 
a housing for enclosing and supporting said pendulum, 

said pendulum comprising a pendulous mass adapted 
to absorb impacting micrometeoritic particies by in- 
elastic collision, and a spring means supporting said 
particle-absorbing pendulous mass within said hous- 
ing and providing a restoring force for said pendu- 
lum; 

means limiting entry into said housing to only those 
micrometeorites which are traveling substantially per- 
pendicular with respect to the axis of the pendulum 
and are on a colfision course with said particle-ab- 
sorbing pendulous mass; 

means for producing electrical signals representative of 
the direction and magnitude of ,pendulum deflection 
produced by a micrometeoritic impact with the parti- 
cle-absorbing mass; and 

means for producing electrical signals indicative of the 
time of flight of a micrometeorite between two points 
on the pendulum prior to its impact with the particle- 
absorbinn mass. 

velocity detector pukes are reaiily analyzable by either 
graphical methods or computer means for deterniining 
the momentum and velocity of an impacting microme- 
teorite. The direction of the pendulum deflection, and 30 
hence the vector direction of particle velocity, is repre- 
sented by the arc tangent of the ratio of the X-compo- 
nent and Ycomponents of deflection. The square root of 
the sum of the squares of the X and V component volt- 
adges which represents a maximum voltage output, is r e p  35 
resentative of the maximum pendulum deflection. The 
momentum of the particle is the product of the maximum 
pendulum deflection and the known constant which in- 
volves the mass of the pendulum and the spring constant. 

or other suitable power supply such as a solar cell panel, 
which together with the associated circuitry is located ex- 
ternally of the instrument housing. The lead wires to the 
velocity detecting foils carried by the particle absorber 
are dropped from the housing support 15 to the disc atop 45 

Power is supplied to the electronics via a battery pack 4Q 

_ _  
the absorber in a manner to avoid interference with the 
pendulum deflection. This may be accomplished by coil- 
ing the leads in a loose loop. 

The bailistic pendulum momentum~veloc~ty analyzef of 

detection system which would also provide information 
regarding micrometeorite flux density. A schematic dia- 
gram of the momentum-velocity analyzer of this inven- 
tion as incorporated in such a detention system i s  illus- 
trated in FIG. 5. Various types of flux density analyzers 65 
might be used, and in the diagram is shown as a piezo- 
electric type ana 
counting circuits counting the number of impacts. 
This information er with the information obtained pendulum deflection comprises: 

is fed to an appropriate data reduction and transmission 
means 77, whereby the information may be stored and 
transmitted at selected intervals. 

Although the momentum-velocity analyzer which has 
been described is a preferred embodiment of the inven- B5 
tion, a number of modifications in the apparatus could be 

e, while thin film capacitors in the form 
lar are used as the detecting means for 

determining time of flight, a different velocity detecting 

charge collector plates might also be employed. In this 
method the plasma which is generated during a hyper- 
velocity penetration of the film is collected by the plates 
and could be used to generate an electrical output signal. 
In addition, it would also be feasible to use a small light 75 

2. A micrometeorite detection system as described in 
claim 1, wherein said means for limiting entry of micro- 
meteoritics into said housing comprises a window open- 

a pfurality of metallic vanes mounted in said window 
and extending in radial directions from said pendu- 
!urn axis, said metallic vanes having corrugated sur- 
faces for preventing micrometeorites impacting with 
said 

3. A micrometeorite detection system as described in 

rials representative of the direction and magnitude of 

said pendulum axis whereby a deflection of the pen- 
dulum due to micrometeoritic impact with said pen- 
dulous mass produces a deflection of the light beam 
corresponding to deflection of the pendulum axis; and 

a radiation tracking transducer means for detecting de- 
flection of said beam and generating electrical signals 
representative of the magnitude and direction of 

dulum deflection. 
micrometeorite detection system as described in 

nals indicative of the time of flight of an impacting mi- 
crometeorite between two points on said pendulum corn- 
PriSeS: 

a pair of annular thin-film electrical capacitors mount- 
ed on said pendulous mass and concentrically dis- 

this invention is intended for use in a micrometeoritic 50 ing in said housing extending 3600; and 

deflecting into said housing* 

5 which includes amplifiers and , wherein said means for producing electrical gg- 

from the momentum-velocity analyzer of this invention, 00 means Producing a light beam directed CoaxialIy with 

means utilizing a thin aluminum oxide film and adjacent 70 CI wherein said means for producing electrical sig- 



i. 

posed with respect to the axis of the pendulum, said pendulous mass of material adapted to absorb im- 
thin-film capacitors being susceptible to penetration pacting particles by inelastic collision, and a spring 
by a micrometeorite upon impact; and means with a predetermined spring constant support- 

circuit means for producing an electrical pulse upon ting and suspending said particle absorbing pendulous 
penetration of each said capacitor by an impacting 5 mass within said housing and providing a restoring 
micrometeorite, whereby the sequential pulses ob- force for said pendulum, said spring means being in 
tained upon sequential penetration of said capacitors the form of an optical fiber which is secured at one 
by an impacting micrometeorite are indicative of the end to said housing and at its other end to said par- 
scalar velocity of the micrometeorite. ticle absorbing mass, said optical fiber extending 

5. A micrometeorite detection system, said system com- through said particle absorbing mass which depends 

a housing for enclosing and supporting said pendulum, means limiting entry into said housing to only those 
said pendulum comprising a pendulous mass adapted particles which are traveling substantially perpendi- 
to absorb impacting micrometeoritic particles by in- cular with respect to the axis of the pendulum and 
eleastic collision, and a spring means supporting said 15 are on a collision course with said particle absorbing 
particle-absorbing pendulous mass within said hous- mass; 
ing and providing a restoring force for said pendu- light source means adjacent said one end of the optical 
lum; fiber for transmitting light rays from said source 

means limiting entry into said housing to only those through said optical fiber to produce a light beam 
micrometeorites which are traveling substantially 20 emanatig from said pendulous mass in a direction co- 
perpendicular with respect to the axis of the pen- axial with said pendulum axis, wherehy a deflection 
dulum and are on a collision course with said par- of the pendulum due to a particle impacting with said 
ticle-absorbing pendulous mass; and pendulous mass produces a deflection of the light 

means for producing electrical signals indicative of the beam corresponding to deflection of the pendulum 
time of flight of a micrometeorite between two points 25 axis; 
on the pendulum prior to its impact with the particle- a radiation tracking transducer means for detecting de- 
absorbing mass. flection of said beam and generating electrical signals 

6. A micrometeorite detection system as described in representative of the magnitude and direction of pen- 
claim 5, wherein said means for producing electrical sig- dulum deflection; and 
nals indicative of the time of flight of an impacting mi- 30 means for producing electrical signals indicative of the 
crometeorite between two points on said pendulum com- velocity of a particle between two points on the 
prises: pendulum prior to its impact with the particle absorb- 

a pair of annular thin film electrical capacitors mount- ing mass, whereby the momentum of the particle is 
ed on said pendulous mass and concentrically dis- determinable from the magnitude of pendulum de- 
posed with respect to the axis of the pendulum, said 35 flection and the velocity of the particle. 
thin film capacitors being susceptible to penetration 8. A particle detection system as described in claim 7, 
by a micrometeorite upon impact; and wherein said particle-absorbing pendulous mass consists 

circuit means for producing an electrical pulse upon of Styrofoam material. 
penetration of each said capacitor by an impacting 
micrometeorite whereby the sequential pulses ob- 40 Re~eren~es Cited 
tained upon sequential penetration of said capacitors 
by an impacting micrometeorite are indicative of the 
scalar velocity of the micrometeorite. 2,993,372 7/1961 Bleakney _________-__ 73-167 

7, A detection system for the determination of momen- 3,222,596 12/1965 Meyer _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 2 6 7 0  
tum and velocity of small particles, said system COmpriS- 45 3,296,526 1/1967 Kinard _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 2 6 7 0  
ing: 

a ballistic pendulum; 
a housing for enclosing and supporting said pendulum, 

said pendulum comprising a bob in the form of a 

prising a ballistic pendulum; therefrom; 
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